SUMMARY Papain was used to digest the hyaline femoral condylar cartilages of 30 adult Wistar rats. Matrix proteoglycan degradation was assessed by the light microscopy of paraffin sections stained with toluidine blue. The extent of surface structural change was estimated by scanning electron microscopy, and the structural integrity of the hyaline cartilage tested by the controlled impact of a sharp pin. The results demonstrated an early loss of cartilage metachromasia, increasing with time of papain digestion, and an alteration in the shape of the cartilage splits produced mechanically. Accompanying the loss of matrix material was a conspicuous sequence of morphological changes in cartilage surface structure. The results confirm a close relationship between matrix integrity, mechanical properties, and fine structure.
An understanding of microscopic structure is essential for the interpretation of the mechanical behaviour of hyaline articular cartilage, of joint lubrication, and of the mode of cartilage disruption and failure in osteoarthrosis. Although cartilage morphology has been exhaustively studied by light microscopy (LM)'-4 and electron microscopy (EM), '-" and exposure of the internal structure for analysis has been achieved by cutting, fracturing, freezefracturing, and sectioning-techniques that incur displacement and deformation of the tissue components-there is little direct evidence to show that enzymatic degradation prejudices mechanical stability. The purpose of the present experiment was to use an enzyme to remove hyaline cartilage from the articulating surface to expose successive layers of tissue for scanning electron microscopic (SEM) examination. The structural integrity of the digested material could then be tested by the method of pinpricking standardised in a previous study.' 2 The shape and alignment of the splits caused by pricking reflect the collagen fibre arrangement at the cartilage surface."'
The thiol proteinase papain was selected. Papain attracted notoriety when the denatured enzyme was Accepted for publication 3 cartilage at the periarticular margins. Necrotic cells or empty lacunae were absent. In TB-stained sections there were pale staining regions in the pericellular matrix and in a narrow -2 ,um band superficially. On SEM examination the surface was covered by a characteristic array of tertiary (3ry) depressions, 20-30 ,um in diameter. Isolated depressions contained central prominences. At magnifications greater than x 5000 the surface was amorphous. The splits caused by pin-pricking penetrated to the tideline, where they frequently propagated along the uncalcified/calcified cartilage interface; they were often deviated by chondrocyte lacunae. Secondary crack formation created irregular split outlines in perpendicular section. En face the splits were elongated, unidirectional, and layered ( Fig. 2A) .
Normal cartilage incubated with inactivated enzyme. Condyles treated with heat-inactivated enzyme had LM appearances similar to those of normal tissue.
TREATED
Cartilage degraded for 2-15 minutes. There was a loss of TB-staining from a discrete band at the articulating surface after 2 min digestion (Fig. 3a) . This band, thicker in region 1 than in 3 and 4, represented 15-25% of the uncalcified cartilage after 5 min treatment. Isolated, empty lacunae were now visible superficially. The width of the non-staining (Fig. 4) ; (2) a dense central area in a loose, fibrous network (Fig. 5) ; and (3) a distorted body surrounded by a loose mesh of fibres. The latter was restricted to the articular margins. Away from the 3ry features fibres conformed to the characteristic pattern. Associated with these surface appearances were non-layered, elliptical splits. Cartilage degraded for 60-240 minutes. Enzyme treatment for 60 min resulted in a reduction in cartilage thickness with a scalloped surface contour in LM section as round lacunae of the deeper zones, III and IV, became exposed. These lacunae now appeared as sharply defined depressions by SEM (Fig. 6 ). The periarticular fibrous tissue and synovia were completely digested, exposing blood vessel canals of the underlying bone. Round holes with short radiating cracks and reduced secondary cracking resulted from pricking this thinned cartilage (Fig. 2B) .
Following 240 min digestion the calcified cartilage was lost: bone was exposed with trabeculae visible particularly around the condylar groove (Fig. 7) . The surface was covered by cracks. Shallow indentations with radiating cracks were produced by pricking exposed bone.
Discussion
The present results show that enzyme degradation of rat femoral condylar cartilage by the thiol proteinase, papain, causes progressive loss of the metachromatic matrix and topographical changes that lead to complete cartilage loss. The results confirm by direct testing that these changes accompany deterioration in mechanical integrity.
Papain selectively degrades cartilage proteoglycan 
